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METHOD AND EQUIPMENT FOR SMELTING NON-FERROUS METAL 
~^SULPHID is IN JUSUSPl^^ FURNACE IN ORDER TO 

_Pgn ni ir.F MATTE OF A H IG H NON-FERROUS METAL CONTENT 

AND DISPOSABLE SLAG 

5 

The present invention relates to a method and equipment, whereby matte 
with a high non-ferrous metal content and disposable slag are produced 
simultaneously in a suspension smelting furnace from non-ferrous sulphide 
concentrate. According to the invention, a carbonaceous reducing agent is 
10 charged to the lower furnace of a suspension smelting furnace via tuyeres to 
a section of the furnace with a reduced cross-sectional area. 

It is characteristic in suspension smelting that the final phase equilibrium 
between the slag and matte only arises during the slag reactions taking 

15 place in the lower furnace. In other words, the potentially imbalanced over- 
and under-oxidized compounds formed in the reaction shaft still react with 
each other in the slag phase, particularly in the primary discharge point of 
the shaft suspension under the reaction shaft, so that the massive slag and 
matte phase are almost in the composition defined by their thermodynamic 

20 composition. In addition to the previously mentioned equilibrium-determining 
copper already dissolved in the slag, copper-rich matte, undissoluble to the 
slag, remains in the slag as a mechanical suspension, which does not 
manage to settle in a realistic time. 

25 It is known before that slag with a low copper content can be produced in a 
suspension smelting furnace such as flash smelting furnace, when fixed 
coke or some other carbonaceous substance is used in the reduction of slag 
and the copper oxidule dissolving therein and especially magnetite which 
increases the viscosity of the slag and slows down the separation of molten 

30 matte particles contained in the slag by settling. 
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In US patent 5,662,370 a method is described, in which it is essential that 
the carbon content of the carbonaceous material to be charged to the 
reaction shaft is at least 80%, that at least 65% of the material particles are 
under 100 /mi and at least 25% between 44 -100^m. Particle size is defined 

5 precisely, because, according to said patent, the reduction of magnetite with 
unburnt coke occurs under two mechanisms and particle size is of decisive 
significance with regard to said mechanisms. If the rough coke powder size 
is about 100 fim or greater, the particle size of the unburnt part is also great 
and for this reason coke remains floating on the slag surface and reactions 

10 are slow. When particle size is reduced, the powder coke enters the slag 
and thus comes into direct contact with the magnetite to be reduced, which 
accelerates the reaction rate. 

In Japanese patent application 58-221241 a method is described, in which 
15 coke breeze or coke breeze together with pulverized coal are charged into 
the reaction shaft of a flash smelting furnace through a concentrate burner. 
The coke is fed into the furnace so that the entire surface of the melt in the 
lower furnace is evenly covered with the unburnt powder coke. According to 
the application, the degree of reduction of magnetite decreases when the 
20 grain size is ultra-fine, so grain size used is preferably from 44 jim to 1 mm. 
- The slag layer covered by unburnt coke, which remains on the molten slag 
bath decreases considerably the partial pressure of oxygen. The highly 
reducing atmosphere arising from the coke layer causes for example 
damages to the lining of the furnace. 

25 

In JP patent 90-24898 there is described a method, in which pulverized 
coke or coal with particle size of under 40 mm is fed into the flash smelting 
furnace to replace the oil used as an extra fuel and maintain the desired 
temperature in the furnace. 
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JP patent application 9-316562 applies to the same method as the 
previously mentioned US 5,662,370. The difference from the method of the 
US patent is that carbonaceous material is fed to the lower part of the 
reaction shaft of the flash smelting furnace, to prevent said carbonaceous 
5 material from burning before it reaches the slag and the magnetite to be 
reduced contained therein. The particle size of the carbonaceous material is 
essentially the same as the distribution described in the US patent 

A weakness of the previously described methods is that the reduction area 
10 is the same where slag material and non-ferrous metallic matte come to 
when they settle from the reaction shaft and separate from the gas phase in 



i 0 the lower furnace. However, in a suspension smelting furnace, fine grained 

material such as copper matte particles does also drift with the gas phase to 
3 the back of the furnace and uptake. When these smallest particles separate 

.: : f\ 

j.3 15 from the gas flow in the back of the furnace and settle to the surface of the 

!ij slag phase, their settling in the slag phase is very slow due to just the small 

particle size. Because slag mainly is tapped from the back or side of the 
furnace, these particles do not manage to settle through the slag phase. 
Instead, they drift together with the slag to be tapped out of the furnace and 
20 add to the copper content of slag. 



Another weakness in some of the previously described methods is the small 
particle size of the coke, in that these coke particles do not settle at all from 
the gas phase but continue with the gas phase to the uptake and from there 
25 on to a waste-heat boiler as a reducing agent. In the boiler the coke 
particles react and generate unnecessary energy in the wrong place, which 
may even limit total process capacity as the waste-heat boiler capacity 
diminishes. 
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One clear disadvantage of the previously described methods is that the 
reducing impact of the coke and then the minimum content of the slag are 



directed in an uncontrolled manner throughout the lower furnace area 
including particularly the area underneath of the reaction shaft, which has 
an essential impact on the non-ferrous metal content of the matte produced. 
In other words, the massive coke layer which forms on the surface of the 
5 slag phase renders the process uncontrollable. Now in the method 
developed, it is possible to reduce the slag further without essentially 
affecting the metal content of the massive non-ferrous metallic matte such 
as copper or nickel matte produced in the process without disturbing the 
slag reactions in the shaft suspension. 

10 

In a method according to the present invention developed for non-ferrous 
metal production in a suspension-smelting furnace, the slag forming in a 
lower furnace is injected with pulverized coke or other carbonaceous 
reducing agent via tuyeres into an area, which does not disturb either the 

15 natural slag reactions of the suspension which discharges from a reaction 
shaft and the generation of matte. So the tuyere injection is either done in 
the area between the reaction shaft and the uptake, under the uptake or in a 
separate extension of the lower furnace located after the uptake. The 
difficulty of a tuyere injection in metallurgical processes is that its impact 

20 area is short depth-wise and in a conventional suspension smelting furnace 
effective impact would not be possible due to the width of the furnace. For 
this reason, according to the present invention, a throttle area with an 
essentially reduced cross-sectional area is incorporated into the furnace, 
where the tuyeres are located. It is essential that the slag-tapping hole is 

25 located so that the total amount of melt has to flow through this tuyere area, 
thereby reducing the slag. The reduction area precedes a settling area, 
where the matte and metal particles separated from the slag by reduction 
can settle. The essential features of the invention will become apparent in 
the attached patent claims. 



It is also known before that the viscosity of slag in slag reduction decreases 
with lowering of ferric iron content which increases viscosity, wherein the 
settling of particles separated in reduction occurs more rapidly than in a 
normal suspension smelting. In addition, in the method of the present 
5 invention the flows caused by the injection achieve desired turbulence in the 
melt, so the small particles therein which settle slowly have an improved 
chance of joining each other or straight to the matte phase, which in turn 
makes the cleansing of slag from metal more effective. 

10 The invention is described further in the attached diagrams, where: 

Figures 1 and 2 present schematic cross-sections of the suspension 
smelting furnace, where an alternative offered by this invention has been 
applied by positioning tuyeres on the lower furnace between the reaction 
shaft and uptake and 

15 Figures S^^J^S^nd? present likewise cross-sections of the suspension 
smelting furnace, in which the tuyeres have been placed after the uptake 
and an own settling area has formed to the lower furnace. 

Figure 1 presents schematically a cross-section of a suspension smelting 
20 furnace 1 , where a reaction shaft 2, a lower furnace 3 and an uptake 4 can 
also be seen. In the area between the reaction shaft and uptake in the lower 
furnace an essentially right-angled throttle point 5 is formed, where the 
cross-sectional area of the furnace is decreased. A reducing agent such as 
coke is charged through a tuyere 6 into this neck. 

25 

The alternative presented in Figure 2 is essentially the same as in Figure 1 , 
but throttle point 5 is formed more smoothly than in the previous case. In 
both Figures 1 and 2, the tapping holes for matte and slag are located 
normally at the back of the lower furnace (not shown in diagram). The 
30 settling area of the lower furnace following the throttle point is in both cases 
equal to the width of the primary lower furnace. 



Figures 3, 4, 5, 6 and 7 present an alternative where the neck point is 
formed in the area of the lower furnace after the uptake. In the case of 
Figure 3, the lower furnace is throttled on opposite sides and tuyeres 6 have 
been located on the throttle point 5. After the throttle point, there is an 
extension part 7, which acts as a settling area, as described earlier. The 
furnace structure in Figure 4 is otherwise the same as Figure 3, but the 
furnace has been throttled on the other side only. In the solution presented 
in Figure 5, the lower furnace does not have the extended settling area, but 
the end of the furnace is in cross-sectional area essentially the size of the 
throttle point. Figures 6 and 7 show that the settling area can also be formed 
other than in a right-angled shape. In Figures 1-6, the tuyeres are 
positioned perpendicular to the melt, but in Figure 7 the tuyeres are 
positioned in reverse at an angle to the melt flow. The tapping holes for 
matte and slag presented in Figures 3-7 are located at the very back of the 
settling area, although they are not shown in more detail. 
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PATENT CLAIMS 

l. A method for smelting non-ferrous metal sulphides in a suspension 
smelting furnace, in which matte is produced with a high non-ferrous 
metal content and slag, which is reduced with the aid of carbonaceous 
5 material in a lower furnace for disposal, characterized in that the slag is 
reduced in a throttle point (5) formed in the lower furnace, in which 
throttle point the cross-sectional area of said furnace is decreased and 
into which a reducing agent is charged via tuyeres (6) on the slag layer. 

10 2. A method according to claim 1, characterized in that the entire melt 
flows through the throttle point. 

3. A method according to claim 1, characterized in that the reduction point 
is in the lower furnace in the area between the reaction shaft and uptake. 

15 

4. A method according to claim 1 , characterized in that the reduction point 
is in the area of the lower furnace after the uptake, 

5. A method according to claim 1 , characterized in that the reduced slag is 
20 channelled to a settling area (7) before being discharged from the 

furnace. 



6. Equipment for smelting non-ferrous metal sulphides in a suspension 
smelting furnace, producing matte with a high non-ferrous metal content 
25 and slag which is reduced for disposal, characterized in that a lower 
furnace is furnished with a throttle point (5) and tuyeres (6) placed 
therein for a reducing agent. 



7. Equipment according to claim 6, characterized in that the throttle point 
30 is formed to an area of the lower furnace between the reaction shaft and 
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uptake. 

8. Equipment according to claim 6, characterized in that the throttle point 
is formed to an area of the lower furnace after the uptake. 

9. Equipment according to claim 6, characterized in that the lower furnace 
is furnished with a settling area after the throttle point. 

10. Equipment according to claim 9, characterized in that the slag-tapping 
hole is located in said settling area. 

n. Equipment according to claim 9, characterized in that the width of the 
settling area is equal to that of the lower furnace. 

12. Equipment according to claim 9, characterized in that the width of the 
settling area is equal to that of the throttle point. 



ABSTRACT 

The present invention relates to a method and equipment, whereby matte 
with a high non-ferrous metal content and disposable slag are produced 
simultaneously in a suspension-smelting furnace from non-ferrous sulphide 
concentrate. According to the invention, a carbonaceous reducing agent is 
charged to the lower furnace of a suspension smelting furnace via tuyeres to 
the part of the furnace which has a reduced cross-sectional area. 
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To the inventors): 



The following are cited in or pertinent to the declaration attached to the accompanying application: 

Title 37. Code of Federal Regulation, $ 1.56 

Duty to disclose information material to patentability. 

(a) A patent by its very nature is affect with a public interest The public interest is best served, and 
the most effective patent examination occurs when, at the time an application is being examined, the Office 
is aware of and evaluates the teachings of all information material to patentability. Each individual 
associated with the filing and prosecution of a patent application has a duty of candor and good faith in 
dealing with the Office, which includes a duty to disclose to the Office all information known to that 
individual to be material to patentability as defined in this section. The duty to disclose information exists 
with respect to each pending claim until the claim is canceled or withdrawn from consideration, or the 
application becomes abandoned. Information material to the patentability of a claim that is canceled or 
withdrawn from consideration need not be submitted if the information is not material to the patentability 
of any claim remaining under consideration in the application. There is no duty to submit information 
which is not material to the patentability of any existing claim. The duty to disclose all information known 
to be material to patentability is deemed to be satisfied if all information known to be material to 
patentability of any claim issued in patent was cited by the Office or submitted to the Office in the manner 
prescribed by §§L97(b)-(d) and 1.98. However, no patent will be granted on an application in connection 
with which fraud on the Office was practiced or attempted or the duty of disclosure was violated through 
bad faith or intentional misconduct. The Office encourages applicants to carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of 
a patent application believe any pending claim patentably defines, to make sure that any 
material information contained therein is disclosed to the Office. 

Title 35,11.8. Code §101 
Inventions patentable 

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of 
matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to the conditions and 
requirements of this title. 

Title 35 IT S. Code S 102 

Conditions for patentability; novelty and loss of right to patent 
A person shall be entitled to a patent unless - 

(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for patent, 

(b) the invention was patented or described in a printed publication in this or foreign country or in 
public use or on sale in this country, more than one year prior to the date of application for patent in the United 
States, or 
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(c) he has abandoned the invention, or 



(d) the invention was first patented or caused to be patented, or was the subject of an inventor's 
certificate, by the applicant or his legal representatives or assigns in a foreign country prior to the date of the 
application for patent in this country on an application for patent or inventor's certificate field more than twelve 
months before the filing of the application in the United States, or 

(e) the invention was described in a patent granted on an application for patent by another filed in the 
United States before the invention thereof by the applicant for patent, or on an international application by another 
who has fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this title before the invention 
thereof by the applicant for patent, or 

(f) he did not himself invent the subject matter sought to be patented, or 

(g) before the applicant's invention thereof the invention was made in this country by another had not 
abandoned, suppressed, or concealed it. In determining priority of invention there shall be considered not only the 
respective dates of conception and reduction to practice of the invention, but also the reasonable diligence of one 
who was first to conceive and last to reduce to practice, from a time prior to conception by the other . . . 

Titla ^ TT.S. Code 6 103 

Conditions for patentability; non-obvious subject matter 

A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are such 
that the subject matter as a whole would have been obvious at the time the invention was made to a person having 
ordinary skill in the art to which said matter pertains. Patentability shall not be negatived by the manner in which 
the invention was made. 

Subject matter developed by another person, which qualifies as prior art only under subsection (f) or (g) of 
section 102 of this title, shall not preclude patentability under this section where the subject matter and the claimed 
invention were, at the time the invention was made, owned by the same person or subject to an obligation of 
assignment to the same person. 

Title 35. U.S. Code S 1 12 Tin part) 
Specification 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise and exact terms also enable any person skilled in the art to which it 
pertains, or with which it is mostly nearly connected, to make and use the same, and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

Titled. U.S. CodeS 119 

Benefit of earlier filing date in foreign country; right of priority 

An application for patent for an invention filed in this country by any person who has, or whose legal 
representatives or assigns have, previously regularly filed an application for a patent for the same invention in a 
foreign country which affords similar privileges in the case of applications filed in the United States or to citizens of 
the United States, shall have the same effect as the same application would have if filed in this country on the date 
on which the application for patent for the same invention was first filed in such foreign country, if the application in 
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this country is filed within twelve months from the earliest date on which such foreign application was filed; but no 
patent shall be granted on any application for patent for an invention which had been patented or described in a 
printed publication in any country more than one year before the date of he actual filing of the application in this 
country, or which had been in public use or on sale in this country more than one year prior to such filing. 

Title 35, U.S. Code S 120 

Benefit or earlier filing date in the United States 

An application for patent for an invention disclosed in the manner provided by the first paragraph of section 
1 12 of this title in an application previously filed in the United States, or as provided by section 363 of this title, 
which is filed by an inventor or inventors named in the previously filed application shall have the same effect, as to 
such invention, as though filed on the date of the prior application, if filed before the patenting or abandonment of or 
termination of proceedings on the first application or an application similarly entitled to the benefit of the filing date 
of the first application and if it contains or is amended to contain a specific reference to the earlier filed application. 

Please read carefully before signing the Declaration attached to the accompanying Application. 

If you have any questions, please contact Morgan & Finnegan, LX.P. 
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